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In a previouspaper (1948) I han described the various growth phenomena in Scotch 
pine (Pinus silvestris L.), i.e. the annual variations in growth and thickness, growth in 
height and length, needle growth and intensity of flowering. 
In July 191o9, I had the opportunity of spending a week in the Utsjoki valley in north-
ernmost Finland (about 69°30'N. lat.). Part of the time was devoted to collecting data 
concerning the a bov e mentioned annual variations in the growth of pine, mainly as supple-
mentary nates only to check the accuracy of my earlier work on the same subject. No 
increment borings were made in 1949.Dr. Peilsa JHikola has allowed me to use his original 
rough radial growth series for Utsjoki, collected in 194 6. I express my sincere gratitude 
for this aid. Helsingfors, January, 1956. 
I. H. 
I. GENERAL REMARKS ON THE DURATIO OF THE VARIOUS 
GROWTH PRENOMENA OF THE PIJ\TE IN ORTHERNMOST 
FINLAND 
The growth of the pinestarts in Utsjoki in early J une or late in May, when 
the first signs of awakening are seen on the buds, i.e., a slight bending back 
of the outer scales of the buds and a slow disappearance of the thick resin 
layer. In the rniddle of J une, sometirnes a little earlier, the elongation of the 
shoot is visible. The elongation process is more or less completed in early and 
mid-July. The elongation seeros to be markedly faster in Utsjoki than in 
outh Finland (compare H 1947b1). When the elongation of the shoots starts 
there is always enough water in the ground in the northern forests. Sometimes, 
as in 1945, there is still snow on the forest floor when the buds start their 
emergence. 
Radial growth (growth in thickness) starts in the end of J une and conti-
1 ) The expressions H 194 7b, H 194 8, etc., refer to the author's previous papers. 
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Fig. 1. Approximate duration of different growth processes in Utsjoki in northernmost 
Finland. The dashed line marks the approximate duration of the same growth processes 
in southernmost Finland. 1 =elongation of the annual shoot. 2 = growth in thickness. 
3=growth of the needles. 4=approximate date for pollination. 5.=swelling of the 1-year 
con e. 
nues until mid-August. It seeros to be slower in August than in J uly. This is 
on e reason w hy we can use the simple J uly mean temperature as a fairly good 
indicator of the elirnatic conditions during the time radial growth is in process. 
The needles are just visible on the new shoots in the middle of June. At 
the end of J une the tips of the new needles are green, bu t only 1-3 mm lon g. 
They continue to grow until mid-August, and in years with a very warm August 
probably longer. One would expect a certain earrelation between needle 
growth and growth in thickness. 
In northernmost Finland the flowering of the pine, i.e. the pollination, 
takes place in the end of June and begin of July. The small brown female 
cones of the previous season start swelling in the middle and end of J une and 
grow slowly to >>green cones>> until about the middle of July. The process is 
finished at about the same time as the elongation of the shoot. - Compare 
Fig. 1. 
II. GROWTH IN THICKNESS 
The growth in thickness of the trees is more sensitive to changes in the 
summer elimate at the polar limit of the forests than farther south. The growth 
season is short and unfavourable; the effect of the weather in the beginning 
of the summer, for instance, cannot be neutralized during the same growth 
season. There is according to several investigators (compare EmE 1926, 
ERLAN'DSSON' 1936, H 1940, GIDDIXGS 1941, H 1948 and the recent inventory 
of the tree-ring literature by GLOCK 1955) a satisfactory earrelation between 
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growth in thickness of conifers and the mean temperature of J uly in the north. 
Compare, however, also MoRK 1941. 
Tree-ring studies in regions between the northern forests and the forests 
near the step or the semidesert do not show the same high coefficients for the 
relation growthjclimate as do similar studies farther north or farther south. 
Investigators in such intermediate regions tend to underestimate the influence 
of the elimate on the annual variations in growth (compare DoBBS 1951). On 
the other hand, dendrochronologists from the semiarid regions in USA have 
earlier overestimated the value of tree-rings as climatological tools (compare 
GLOCK 1941 and 1955, H 1949). 
If tree-rings are used as climatological tools in one way or other, we tnust 
be sure, for instance, thai two scientists working independently of each other in 
different years and with different methods, but in the same area, obtain the 
same result regarding the annual variations in growth. Therefore I have 
ventured to compare Dr. Peitsa Mikola's radial growth series and my own 
from the same area, i.e. Utsjoki. 
Dr. Mikola's increment core material, collected in 1946, consists of 155 
cores from five pine stands, three from the Kevu valley and two from the Uts-
joki valley. The stands were of the dominant type in the area: sparse pine 
forest with a ground vegetation of Empetrum hermaphroditum and Cladina 
spp., growing on stony slopes or sandy terraces. 
The material in H 1948 consisted of 148 cores taken in the summer of 1939 
and 194.0 from pines growing scattered on the Empetrum-Cladina )>semitundra)> 
or in the mountain birch region in the Utsjoki and Kevu valleys. The trees 
were of various diameter and age classes (compare HusTICH-ELFVIN'G 1944); 
only the period 1890-1939 was used. 
The material used by Dr. Mikola and by royself thus differed in character. 
It was selected in a different way, but was of approximately the same size 
and from more or less the same area, compare MIKoLA 1950 and H 1948. 
Both series represent mean values of original measurements. 
In Fig. 2 the two series are compared. 
The earrelation coefficient between Dr. Mikola's and the series for 1939-40 
from H 1948 is, for the period 1890-1939, r = 0.9z±O.oz2. 
Thus, we have obtained for the two tree-ring series collected by different 
scientists a very significant earrelation coefficient. We can safely state that 
with remarkable precision the pines in Utsjoki follow one and the same pattern 
in their growth in thickness. Dr. Mikola's series show a lower mean value for 
the radial growth than my own series. This is largely due to the fact that his 
trees are from forest stands, my cores from scattered trees, w hi ch usually display 
greater growth in thickness than trees growing in more or less closed stands. 
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Fig. 2. Comparison of growth in thickness of pine trees in Utsjoki. a = the •standard 
series• in HUSTICH-ELFVIXG 194 4. b = r.!IKOLA'S series of 1950, see the text. 
The >>double checking> made above, i.e. the comparison of the tree-ring 
series taken by Dr. Mikola and by myself, illustrates rather weil in my opinion 
the value of tree-ring measurements as chronological tools . There seerus to 
be, as was mentioned earlier, a goodearrelation between the July temperature 
and the radial growth. We can assume that the annual variations in the width 
of the tree-rings in the northern f o rests, also, to som e extent, reflects the annual 
variations in the summer temperature. But before doing so we must get to 
know more of the growth processes and learn, for instance, to distinguish the 
>>lag effecb> (compare HusTICH-ELFVTh"'G, l.c.). 
How many cores or trees should a dendrochronological material comprise? 
Usually lessthan 100 trees or cores are used. The reason is obvious: the detailed 
routine work involved in such investigations makes it impossible for a single 
worker to work through a bigger material for a careful tree-ring analysis. 
Team work of the kind recently published by EKLm.'D (1954) can embrace 
thousands of cores. We must, however, remember that a large body of material 
drawn from wide areas, eliminates local differences and cannot be used as 
an indicator for local dendrochronological or climatological purposes. Com-
pare the use and misuse of mean elirnatic values for large areas, and, on the 
other hand, values of local meteorological stations only. Compare also 
HUBER 1943. 
The two series compared above comprised 155 and 148 cores respectively. 
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Such a material, selected by the authors themselves in the field in a compara-
tively small area, gives, as has been shown above, an accurate idea of the annual 
growth variations. A still smaller material can give a satisfactory picture of the 
variations in growth in an area where there is strong >>minimum facton> such 
as the summer temperature in northernmost Finland or the water supply 
near the forest limit to the semidesert. 
In H 1948 several series collected in 1945 and comprising only 4-22 trees 
were campared with the standard series of 1939-40. The earrelation between 
the series of 22 trees and the standard series was r= O.s9 ± O.oas, but even 
smaller series showed a coefficient of O. so. 
But as we proceed farther into areas where the factors affecting the growth 
in thickness becomes more and more complex (as in England, Central Europe 
or Eastern USA), the more and more trees we must use as a minimum amount 
for a correct analysis. The use of too small a material in regions with a complex 
relationship between growth and elimate probably accounts for a lot of the 
confusion regarding the value of tree rings as elirnatic indicators. And, tree-
rings should not be used as elirnatic tools everywhere . 
III. GROWTH IN HEIGHT AND LENGTH. 
Growth in height of pine is, as was shown by HEssELMAN (1904) and 
LAITAKARI (1920), more dependent on the temperature of the previous summer 
than on the temperature of the growth season itself (in Sweden and Finland). 
This is due to the fact, already indicated above, that the growth in height is 
an elongation process, the initial cells having been formed during the previous 
summer. 
In 1949 I collected some notes re the annual variations in growth in 
height; the information is compiled in Table I. Series a is from H 1948 (3 
young trees, 60-70 years old). Series b is a wellgrown pine, 11 m high, 25 cm 
in d.b.h. and about 75 years old, measured in July, 1949. Series c represents 
the mean valnes of 12 young pines (15-20 years old) , measured in July, 1949. 
Table I. Growth in height (in cm) of young pines. 
1948 4 7 t,6 45 44 43 42 t,1 '·0 39 38 37 36 35 34 33 32 31 30 29 28 27 ~6 
a -
b i l, 12 11 7 
c '17 18 13 6 
15 '16 23 12 18 24 26 20 19 28 19 21 13 23 -----
8 11 14 13 11 13 16 14 16 18 12 13 18 13 14 22 16 24 2/ 
9 914 8 7 j --------
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In Table I, 1935, 1938 and 1942 appear as maximum years. The earlier 
years are uncertain. Compare H 1948, p. 30. MIKOLA (1950, p. 87, Fig. 30) 
has 1931, 1935, 1939 and 1942 as maximum years and 1930, 1933, 1936, 1941 
and 1943 (45) as minimum years. 
However, the growth of young pirres is not merely dependent on the 
elimate itself, but also on intemal factors. The annual growth of a pine reaches 
its optimum in the 20-40th year and then slowly decreases. In Utsjoki the 
growth in height of the trees is rarely undisturbed and occasional rueasure-
ments do not give an accurate picture. (Series b above is a single tree, included 
here mainly to show the absolute values of growth in height of a wellgrown 
pin e in the area.) 
The often disturbed growth in height of pine at its northern limit was the 
reason why the author (in H i940) adopted another indicator to illustrate the 
growth in height, i.e. the growth in length of seeond order branches (re the 
concept )>second order branches)> compare R EJ\'VALL 1912) . Branches which 
have already passed their first rapid development, register, as has been shown 
earlier, the variation of the elirnatic conditions of the summers, more or less 
independently of the intemal factors . Long annual shoots on such branches 
almost certainly indicate that the previous summer was a favourable 
on e. 
Table II comprises the material in H 1940 and H 1948 (a-d) compared 
with a smaller material of 33 branches (trees) collected in 1949 (e in 
Table II). 
Table II gives a rough idea of the annual variations in grmvth in length 
of the shoots of pine in Utsjoki. The minimum years are, according to Table II , 
1933, 1936, 1941 and 1944, whereas 1932, 1935, 1938, 1942 and 1946 
were years with loriger annual shoots. There is a good earrelation between 
Table II and Table I as also between Table II and MIKoLA 1950. The Table 
also illustrates that the mean length of the shoots of seeond order pine bran-
ches in Utsjoki is only 2.5 - 3.5 cm. 
Table II . The length (in cm) of the annual shoots of seeond order pine bra.nches in Utsjoki. 
1949 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 
a 881) - 26 19 19 22 21 16 20 18 
b 94 33 39 29 28 34 31 27 35 
c 25 30 36 42 30 27 35 32 3'1 40 37 
d 62 21 27 33 21 26 30 33 29 26 30 2/ 24 
e 33 24 29 29 32 24 24 27 34 25 30 31 32 
M 24 29 29 32 24 23 27 34 23 29 30 34 27 25 30 28 24 32 28 
l) Number of shoots included. 
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IV. NEEDLE GROWTH 
Table III compares earlier measurements of the needle length with a small 
series of 32 seeond order branches (series e) , i.e. the same branches as in Table II , 
e. The measurements of needle length are the mean values of the two or three 
longest needles on the annual shoot in question. However, the extremely long 
needles on the last )>short shoots)> on the annual shoot are excluded; as a result 
of a warm August two or four such needles on one shoot show prolonged growth 
and this makes them useless as a relative measure of the assimilation capacity 
of the annual shoot. Of course, the number of needles on an annual shoot x 
their mean length would be a better indicator. The mean length of the pine 
needles in Utsjoki is 2.5-4.0 cm. The needles usually survive 6-8 years on the 
pine twigs in this area, rarely longer. In South Finland pine needles usually 
drop after 3-4 years. Observations in the summer of 1945 showed that at !east 
3-6 years old needles also take part in the assimilation process (H 1948). 
T able III. Needle length (in cm) on seeond order branches of pine in Utsjoki. 
1948 47 46 45 44 43 42 ltl 40 39 38 37 36 35 34 3a 
a 501) 36 34 31 29 32 35 
b 103 28 38 38 32 32 39 37 
c :31 26 28 39 36 29 29 33 32 
d 60 29 3 1 3 1 38 28 27 33 
e :~ 2 2? 3 1 n :l6 28 32 29 35 
:Il q -
- l 3 1 33 36 28 31 30 36 27 28 37 36 31 30 35 {3'•) 
In the needle length series the following years appear as minimum years: 
1935, 1940, 1944, whereas 1934, 1938, 1941 and 1945 appear as years with 
long needles. There is thus no earrelation between the length of the annual 
shoot and the length of the needles on the same annual shoots. There seems to 
be a certain earrelation between radial growth and needle length, see Fig.1 
and the synthesis below. 
We note that, as in Table II , the supplementary notes of 1949 well confirm 
the notes in H 1948. 
1 ) Number of shoots included; cfH 1948. p . 31. 
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V. THE INTENSITY OF FEMALE FLOWERING 
The flowering intensity of the trees near or at the polar limit of couifers 
varies considerably from year to year. In >>good>> years the quantity of inflores-
censes on the conifers in those regions is surprisingly high. 
Regarding the alternation of ~ and d' flowering and their succession on 
the annual shoots, campare H 1948. 
In 1949, the female flowering of the successive shoots on 32 seeond order 
branches (the same as were used for the measurements of shoot length above) 
was studied, see series c in Table IV. For comparison series a and b from H 
1948 are included. In all series the female flowering intensity is given using 
an index, 1938=100. 1938 was a very prominent »flowering>> year in Utsjoki, 
as has been described in H 1940 and 1948. 
Table IV. Female flowering intensity of pine in utsjoki 
"1949 48 !l 7 46 t,5 4 !t 43 't2 4 1 'tO ~.19 38 37 36 :15 ~· , , 
a 160 - 5't 53 100 3 51 26 
b 65 6!. 32 8'• l -'t 45 55 100 35 12 I l 2:3 
c 32 40 4t, 48 '112 8 36 16 64 16 52 44 100 
:\I 40 44 48 112 8 50 2't - ' 15 50 5 1 100 36 8 6't 2'• .. 
All series coincide fairly weil, in spite of the fact that they were collected 
during different years. The material is small, bu t gives, nevertheless, a picture 
of the marked irregularity in the flowering of the catch Fine in Utsjoki. 
We nate minimum years in 1936, 1941 and 1945 and the maximum years in 
1935, 1938, 1942 and 1946. A comparison with Tables I and II confirms the 
author's earlier statement regarding the close earrelation of growth in length 
and flowering intensity. I do not think that the year 1946 exceeded the year 
1938 in flowering intensity, in spite of the higher index in series e; the marks 
of flowering and cones of the year 1938 were perhaps in same cases not dear 
enough in 1949. Also, in 1946 one could not find so many annual shoots with 
both ~ and d' inflorescenses as in 1938. I also have the impression that younger 
seedlings showed more female flowering in 1938 than in 1946. 
The statement in H 1948 regarding the fact that there are >>no years enti-
rely without flowering at the timber line>> was confinned during the trip in 
1949. - My data relating to the varying quantity of vegetative buds on the 
shoots were too small to allow an y confirmatian or nonconfirma tian of the state-
ment in H 1948 that in years with high intensity of female flowering the number 
of >>vegetative buds>> at the tip of the anuual shoots is also high. 
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VI. SYNTHESis 
The above-mentioned growth phenomena include two physiologically 
different processes. On the one hand, we have the elongation of the annual 
shoot, the flowering intensity and the swelling of the 1-year cone. In these 
growth processes the initial cells are already formed during the previous grow-
ing season. On the other hand, we have the growth in thickness and the growth 
of the needles. Here new cells are formed during the growing season itself. 
Such growth processes are only rather indirectly dependent on the conditions 
of the previous summer, including amount of needles, general conditions of 
the tree, fruit formation (which slows down the radial growth), etc. Fig. 1 
roughly indicates these processes. 
It is difficult to determine the duration of different growth processes. They 
start before there are any visible signs to measure. Before growth starts, a 
chemical mobilisahon takes place, as has been shown in H 1947a. In the bud 
itself biochemically different states prevail during the spring time; chemical 
changes occur also in the needles. A translocation of nutrients from the need-
les into the awakening bud seerus to take place in early spring, before there 
are any visible signs of bursting scales, etc. (l. c. ). TAMM writes that the coni-
fer needles >>act not only as photosynthesizing organs, but also as reserve 
stores for photosynthases and, to some extent, for nutrients>> (1950, p. 20). 
The relative length and the amount of needles influences the growth pro-
cesses in the following years; compare also ORDIXG 1941. But since the sur-
vival on the twigs of needles still capable of assimilation is longer in the north 
it is probable that the equalizing effect of the varying needle length (i.e. of 
the varying elirnatic conditions during the previous years) is greater in the 
north than in southern parts of the pine region, where the needles survive 3-4 
years only. 
In his classical paper of 1905 (which I did not know of when I wrote my 
paper of 1948) BLACKMA~ clearly outlirred some fundamentals regarding 
optima and limiting factors relating to growth phenomena. These thoughts 
are here expanded to cover some differences between the growth phenomena 
in different regions. 
There is a marked difference in the physiology of growth in the northern 
forests as compared to regions where precipitation is low and the water supply 
the limiting factor. The elongation processes must mainly depend on the water 
supply during the early summer. In the north , there is always water enough 
in the ground (see above). In more arid regions, however, one realizes that the 
amount of water at the beginning of the growing season is itself of primary 
importance; in such regions there is always a temperature high enough to allow 
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Fig. 3. Comparison of different growth penomena during the period 1931-49. 1=intensity 
of female floweri.ng, campare Table IV. 2=growth in length of annual shoots, campare 
Table II. 3=growth of needles, campare Table III. 4=gro,.,-th in thickness, series b in 
Fig. 2. according to MIKOLA, see p. 2. 
growth processes. Thus, in places where growth is limited by water supply, 
maxima in growth in height and growth in thickness will occur in the same 
year, as outlirred in H 1948. Therefore, the annual variations in growth 
in volume of wood will be greater in more arid regions and the trees more 
liable to extreme changes between goodyears and bad (i.e. dry) years. In the 
north, however, temperature is the limiting factor, and the temperature rarely 
rises so much as to endanger the assimilation process. 
This paper gives only some rough account of externally measurable growth 
processes. For an integration of the growth phenomena by means of a synthe-
tic diagram, the period used in H 1948 (1930-44) can now be slightly prolonged 
by the new supplementary notes of 1949, presented in Tables II-IV. Fig. 3 
combines the data and confirms i.a. the following statements in H 1948: 
1. The maximum in the intensity of female flowering coincides with the 
maximum years for growth in length of the annual shoot. 
2. The growth in length and maximum intensity of female flowering sets 
in during the growing season after the maximum year in radial growth, i.e. 
one year after a favourable summer. 
3. The maximum years of needle growth roughly correspond to the maxi-
mum years in radial growth. 
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It is necessary to point out that we are here operating m an area with 
extreme conditions for tree growth in general and in an area where tempera-
ture represents the limiting factor. Also, our rough measurements illustrate 
only the external happenings. The biochemical processes in the growth tissues 
and their dependence on certain elirnatic factors are beyond our reach. 
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